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e
Abstrat
The measurement of the last undetermined neutrino mixing angle θ13 is the main goal
of the future experimental researh on neutrino osillations. At present, θ13 is only known
to be muh smaller than the two other mixing angles, θ12 and θ23. The present bound,
whih is dominated by the result of the CHOOZ reator experiment, is sin2 2θ13 < 0.08 (at
90% ondene level). However, it is widely reognized that the potential of reator anti-
neutrino disappearane experiments has not been fully exploited yet. A rih experimental
program is underway, whih aims at exploring in the near future up to sin2 2θ13 . 0.01. The
targeted sensitivity requires a lear-ut strategy to redue signiantly both statistial and
systematial errors with respet to past reator experiments. A key feature for the suess
of all projets is the installation of one or more near idential detetors. The experimental
onept and the status of the upoming or proposed reator experiments, and as well the
prospets of the reator-based searh for θ13 are reviewed.
1 Introdution
In the last deade our understanding of the fundamental properties of neutrinos has made
formidable progress. A variety of experiments measuring solar, atmospheri, reator and ael-
erator neutrinos have indisputably shown that neutrinos produed in a spei avor eigenstate
osillate to other avors. This is proof that neutrinos have mass and that the weak interation
mixes the mass eigenstates. Experiments with sensitivities spanning several orders of magnitudes
in the osillation parameter spae have pinned down the values of two mass-squared dierenes
and two mixing angles (θ12 and θ23). For a review of the urrent status of the eld, see [1℄. On
the third mixing angle θ13, experiments have only set an upper bound. This parameter trans-
lates the admixtures of ν3 in νe and hene drives the amplitude of the still unobserved νx → νy
osillations (where x or y is e) at the osillation length determined by ∆m213. At present, θ13
is only known to be muh smaller than the two other mixing angles. The negative result of the
Chooz reator experiment [2℄ has provided the most stringent upper-bound
1
:
sin2 2θ13 . 0.12 − 0.20 (90% C.L.) (1)
where the interval orresponds to the atmospheri mass splitting allowed by the ombined
results of Super-Kamiokande, K2K and the rst results of MINOS: ∆m213 = 2.1− 3.0 · 10−3 eV2
(2σ interval) [2, 4℄. A global 1-degree-of-freedom analysis inluding all available osillation data,
where ∆m213 and all other osillation parameters are marginalized away, gives [4℄:
sin2 2θ13 < 0.08 (90% C.L.) (2)
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A less stringent bound has been given by the other ∼ 1 km baseline reator experiment, Palo Verde [3℄
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The θ13 mixing angle - of fundamental theoretial interest per se - turns out to be the key
parameter to aess experimentally CP violation in the leptoni setor, whih in turn ould
explain the matter/anti-matter asymmetry in the universe. Several upoming experiments aim
at exploring with two dierent tehniques and omplementary approahes a large part of the
region urrently allowed by CHOOZ. Superbeam experiments will exploit the appearane hannel
νµ → νe by using . 1GeV neutrinos and long baselines (102 − 103 km). The next generation of
reator experiments aim at measuring the disappearane of νe of a few MeV on a ∼ 1 − 2 km
baseline, with improved sensitivity with respet to CHOOZ. These two experimental approahes
are niely omplementary [5℄, as illustrated below.
In the νµ → νe searh, the ontribution of θ13 to the appearane signal is entangled with
unknown parameters, i.e. the CP-violating phase and the mass hierarhy (the sign of ∆m213). As
a onsequene, the sensitivity to θ13 is limited by the orrelations between these parameters in
the appearane probability, and by the degeneraies of the solutions. This would notably degrade
the sensitivity in ase no osillation is observed. On the other hand, for a favorable ombination
of the nuane parameters, superbeam experiments have a hane to observe a signal even for
sin2 2θ13 < 0.01 [6℄, whih is out of reah for the upoming reator experiments.
Reator experiments are sensitive to the disappearane 1− P (νe → νe), where P (νe → νe)
is the νe survival probability after osillation. It is shown [6℄ that to a very good approximation
the sought signal is given by:
1− P (νe → νe) ≃ sin2 2θ13 sin2
∆m213L
4E
(3)
where L is the osillation baseline and E the anti-neutrino energy. Eq. 3 shows that for reator
experiments the only unknown parameter ontrolling the signal is θ13. This means that for
a soure-detetor distane tuned to have the osillatory term near the maximum (L ∼ 1 −
2 km), the disappearane provides the most lean measurement of θ13. For a small mixing angle,
however, the disappearane of a tiny fration of anti-neutrinos an be easily hidden by statistial
utuations and espeially by the systemati unertainties on the number of expeted events
without osillation. The redution of the latter systematis is therefore the ruial hallenge of
all future reator experiments.
2 Reator-based searh for θ13
2.1 The past benhmark: CHOOZ
CHOOZ [2℄ has been the last of a long series of short-to-middle baseline osillation experiments
run in the viinity of a reator power plant. The Chooz power station is loated in the Ardennes
region, northeast of Frane, very lose to the Belgian border. The power plant onsists of the
two most powerful pressurized water reators in the world, apable of yielding up to a total
8.5GW of thermal power 2. A single detetor with a ∼ 5 t liquid sintillator target was loated
at an average distane from the two ores of 1.05 km. The experiment was stopped after a few
months of data-taking, resulting in a total statistis of ∼ 2700 ν events. The measurement was
fully onsistent with the expetations for the ase of no osillation (Fig. 1). The result an be
summarized by the integrated rate normalized to the MC predition:
R = 1.01 ± 2.8%(stat) ± 2.7%(sys) (4)
In addition, Fig. 1 shows no evidene of a spetral deformation, whih would be another strong
signature of the osillation (see Eq. 3). This result translates to the limit of Eq. 1 when ombined
2
The experiment took data during the start-up phase of the nulear plant, hene a redued power was available.
2
Figure 1: Left: Signal measured in CHOOZ [2℄, after bakground subtration (markers with error bars),
superimposed on the expeted spetrum for the ase of no osillation. Right: ratio of data to preditions.
with the present knowledge of ∆m213, and provides the dominant information for the best limit
obtained with a global 2-d.o.f. t, Eq. 2.
2.2 The strategy for the next generation reator experiments
The sensitivity ahieved by CHOOZ on a possible suppression of the integrated νe ux is of the
order of ∼ 5%, as shown by Eq. 4. In the past years a large onsensus has grown on the idea
that the potential of a reator-based searh for θ13 is far from fully exploited [7, 8℄. The present
limit suers from the large statistial and systematial unertainties in CHOOZ, whih was an
experiment oneived for probing large mixing.
First of all, the next generation experiments need to improve statistis. This requires an
optimal ombination of high reator thermal power, large target mass, good eieny and long
run-time. Though trivial in priniple, the latter requirements are not painless: projets envis-
aging very large target masses are expensive; a long data-taking (∼ 3 y) demands an extremely
stable and well monitored detetor.
However, most hallenging is the redution of the systemati unertainties: while it seems
realisti to redue the statistial error to < 0.5%, the ontrol of systematis to this level is not
possible with an approah à la CHOOZ. Most importantly, beause the ultimate knowledge
of the neutrino soure (the reators) is limited to ∼ 2%. Seondly, beause several detetor
parameters inuening the neutrino-rate an be determined with a poor auray even after
alibrations, like the number of target protons, eieny of the analysis uts, apture on Gd
versus H, ν-produed neutrons spilling outside or inside the target volume, et. A more detailed
disussion about these and other systematis follows in Se. 2.5.
For the above reasons, all of the next generation projets propose to deploy one or several near
detetors, stritly idential to the detetor that searhes for the osillation. These near detetors
will monitor the nearly-unosillated ux and spetrum with idential response to that of the
far detetor. Most of the reator-related unertainties are orrelated between detetors and
hene perfetly anel, and many the detetor systematis are redued as well, provided that the
response of near and far detetors are idential (after alibration). An additional, hallenging
option proposed, for example, for the Daya Bay experiment, onsists in building several movable
detetors, whih would be periodially swapped between near and far sites. Provided that this
operation an be done reliably and without aeting the detetor response, some of the remaining
systematis would anel in this way. The sensitivity of the next generation experiments will
ultimately depend on the auray within whih two detetors an be made idential, or to whih
3
Figure 2: Far/Near rate ratio in Double Chooz after 3y data-taking, for sin2 2θ13 = 0.1 , ∆m
2
13
=
2.5 · 10−3 eV2. Error bars are statistial.
extent their relative response an be known.
2.3 Experimental onept
As in past reator experiments, νe are deteted via the reation:
νe + p→ e+ + n (5)
Eq. 5 has a threshold of 1.8MeV. The neutron arries a very little kineti energy, hene the
positron energy deposition, boosted by the 1.024MeV from its annihilation, measures the νe
energy. An H-rih organi liquid sintillator is used as target and detetion medium. The
neutron issued from the interation thermalizes in the sintillator and is then aptured. The
resulting delayed gamma emission provides a powerful signature to rejet the bakground.
In order to enhane the bakground rejetion, Gd is dissolved in the sintillator at a onen-
tration of ∼ 1 g/l. Captures on 155Gd and 157Gd, whih have huge ross setions for thermal
neutrons, are followed by the emission of a ∼ 8MeV gamma asade, well beyond the bak-
ground due to the natural radioativity. A typial νe event is then given by the oinidene of
the prompt e+ and a delayed ∼ 8MeV energy deposition, within a time window of ∼ 100µs (the
harateristi n apture time for ∼ 1 g/l Gd onentration is ∼ 30µs).
A non vanishing value of θ13 would show up in the data as an energy-dependent suppression of
the rate in the far detetor with respet to the near detetor. It an be onvenient to separate the
experimental information giving sensitivity to θ13 in two ontributions: an integrated spetrum-
averaged suppression and a spetral deformation. It will be later shown that the relative weight
of the two an vary, depending on the harateristis of the experiment. As an example, Fig. 2
shows the kind of osillation signal that would be seen in Double Chooz [10℄ (desribed in Se.
3.1) for a relatively large θ13 (sin
2 2θ13 = 0.1) and ∆m13 = 2.5 · 10−3 eV2.
The detetor design is an evolution of CHOOZ. Owing to what has been learned in the
past, the main improvements onern the minimization of the information losses, (dead volumes,
non-fully-ontained events, badly reonstruted events) and the redution of the bakgrounds
(overburden, µ-veto-systems, shielding, material radio-purity). As an example, Fig. 3 illustrates
the design of the Double Chooz detetor (all other projets propose very similar onepts). From
the enter, the following sub-systems are typially found:
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Figure 3: Sketh of the Double Chooz detetor. Other projets propose very similar designs.
1. A entral ylindrial transparent vessel ontaining several tons of liquid sintillator doped
with Gd at ∼ 1 g/l. This is the target for the νe interations.
2. A volume onentri with the target and ontaining undoped sintillator. This region,
alled γ-ather, ats as a alorimeter: its purpose is to assure the full olletion of the
positron energy, and a good ontainment of the gamma asade following n-apture on Gd.
3. A non-sintillating, highly transparent liquid buer (mineral oil) ontained in a stainless
steel tank, on whih low-bakground photomultiplier tubes (PMT) are mounted to detet
the sintillation photons. The buer volume is one of the main improvements with respet
to CHOOZ. It attenuates the gammas emitted by the PMTs, and thus redues the rate of
aidentals.
4. An instrumented volume, alled µ-veto, to tag and rejet events indued by osmi muons.
5. An external shielding to protet the innermost volumes from the gammas of the natural
radioativity in the surrounding roks.
A system of onentri himneys will allow the introdution of the lling tubes and non-permanent
alibration devies.
Near and far detetor both need to be deployed underground to insure adequate prote-
tion against the osmi rays, whih would produe an overwhelming bakground at surfae. A
disussion about bakgrounds will follow in Se. 2.6.
2.4 Sensitivity
In this setion some general remarks about the sensitivity of the reator-based searh for θ13 are
presented. The disussion is based on the work published in [5℄ and earlier by the same group.
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Figure 4: Sensitivity of a reator experiment to sin2 2θ13, as a funtion of the total umulative statistis.
The original plot is from [5℄. Here the three regimes disussed in the text are highlighted with dierent
levels of gray. For referene, the statistis of Double Chooz realistially ahievable after 3 years of data-
taking is indiated.
The sensitivity, here dened as the largest value of sin2 2θ13 that would be onsistent with
data at a ertain ondene level (typially 90 %) if no osillation is observed, depends on both
the statistial and systematial errors. The latter an be separated in three terms: an error
ompletely orrelated between near and far detetor(s) (σcorr), the relative global normalization
unertainty between the two detetors (σnorm), and a bin-to-bin error non-orrelated between
energy bins and between detetors (σbin−to−bin). Fig. 4 shows the evolution of the sensitivity
with the total statistis in the far detetor. With all systemati eets swithed o, the sensi-
tivity would follow a trivial ∝
√
N statistial law. An experiment of the size of Double Chooz
(8.2 t) would then be sensitive to sin2 2θ13 ∼ 0.015. When the systematis are turned on, three
regimes appear: a low statistis regime, where the sensitivity is dominated by the rate ratio
and is statistis-limited; an intermediate statistis regime, where both rate ratio and spetral
deformation ontribute to the sensitivity, the former limited by σnorm, the latter by the statistis
per energy bin; and a high statistis regime, where most of the sensitivity omes from the
spetral deformation and is hene limited by σbin−to−bin. The transition between these regimes
depends on the size of the systematis. However, several general onlusions an be drawn.
The sensitivity on any experiment will rst rapidly roll along the urve of Fig. 4 (note
the log-log sale), and will eventually reah a plateau, whih is ultimately set by statistis or
systematis. For a small, rst generation detetor (∼ 10 t), the roll-down will stop at the
seond regime. In this ase the nal sensitivity ritially depends on σnorm and the major
experimental eorts need to be dediated to the redution of this systematis. Fig. 4 shows
that, for a onstant σnorm, a signiant improvement of the sensitivity requires fully entering
the third regime, orresponding to a & 200 t target mass. A seond generation experiment of
intermediate size (∼ 50− 100 t) will therefore need also an improvement of σnorm to outperform
a smaller detetor. A very large detetor, instead, ould aord ignoring σnorm and simply rely
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Table 1: Summary of the systemati unertainties. The realisti now olumn is based on assessments
in the Double Chooz proposal [10℄ and on the baseline unertainties estimated in Daya Bay [11℄. The
wished for the future olumn reets the Daya Bay R&D goals (without detetor swapping).
CHOOZ realisti now wished for future
Power ∼ 2% negligible negligible
E/ssion 0.6 % negligible negligible
Reator νe/ssion 0.2 % negligible negligible
σ 0.1 % negligible negligible
Distanes negligible 0.1 % 0.1 %
Tot Reator ∼ 2.1% 0.1 % 0.1 %
# target p 0.8 % 0.2 % 0.1 %
(absolute) (relative) (relative)
e
+
energy ut 0.8 % 0.1 % 0.05 %
Gd/H aptures 1.0 % 0.2 % 0.1 %
n energy ut 0.4 % 0.2 % 0.1 %
Eieny e
+
- n distane 0.3 % not used not used
e
+
- n delay 0.4 % 0.1 % 0.03 %
n multipliity 0.5 % negligible negligible
dead-time negligible negligible negligible
Tot eieny 1.5 % 0.3% 0.15 %
Grand Total 2.7 % 0.4 % 0.2 %
on the analysis of the spetral distortion. In this ase the systemati to keep under ontrol is
σbin−to−bin, hene any possible energy-dependent dierene between the signals at the near and
far sites (e.g. due to the bakground subtration at dierent sites, or biased analysis uts).
2.5 Systematis
The previous setion has outlined how ritially the systematial errors aet the ultimate sensi-
tivity of the reator-based searh for θ13. Table 1 presents a summary of all identied systematis,
as they were measured in CHOOZ, as they are estimated after the R&D arried out in Double
Chooz, and as they are foreseen in Daya Bay (Se. 3.2).
The use of idential near detetors suppresses the soure-related systematis from 2.1 % to
0.1%. This remaining 0.1% omes from the error of the reators-to-near detetor(s) distane,
inluding the the nite size of reators and detetors, and the utuations of the νe prodution
baryenter. Experiments installed in a multi-ore (> 2) site, like Daya Bay and RENO (Se.
3.3), suer also from the additional unertainty due to the dierent repartition of the signal from
eah single reator in the near detetor(s), ompared to the far detetor.
As regards the number of target protons, in CHOOZ this error was quite large (0.8 %). An
important improvement is guaranteed by the use of the same bath of liquid sintillator in the
near and far detetors. This assures that the unertainty due to the hemial omposition (H
mass fration) is aneled out. The only ontribution left omes from the relative error between
mass or volume measurements. Furthermore, the use of idential near and far detetors anels
the spill-in, spill-out error (imperfet ompensation between ν-events in the γ-ather with
a n spilling into the target volume, and ν-events in the target with the n spilling out to the
γ-ather), whih is equivalent to an additional unertainty on the target proton number.
A strong redution is also envisaged for the detetor-related systematis, i.e. the detetion
7
eieny. In this ase as well, the multi-detetor onept transforms unertain absolute eieny
determinations to better onstrained relative omparison. The use of the same sintillator and
alibration devies in detetors of idential geometry will be ruial. Moreover, a signiant
redution is assured by the improvement of the detetor design, whih will allow to limit the
number of analysis uts. In fat, several quality uts were needed in CHOOZ to suppress the
aidentals (Se. 2.6). A simplied event seletion will be possible thanks to a redution of the
rate of singles (better shielding) and with an improved ontainment of the e
+
events and Gd
asades.
In onlusion, the redution of the total systemati error from 2.7 % to < 0.6% (the Double
Chooz onservative goal) seems realisti nowadays. The goal of < 0.2%, required for a signiant
boost of the sensitivity in next-generation projets, is not yet validated by a spei R&D. At
this regard, the upoming rst generation experiments will set important benhmarks and pave
the ground for a possible further step in sensitivity.
2.6 Bakgrounds
Bakground subtration is another soure of systematis, as it an both aet the global normal-
ization between near and far detetors and as well the spetral shape. CHOOZ had the hane to
measure the bakground in situ with both reators o, as it started data-taking just before the
power plant ommissioning. The hane for a signal-free bakground measurement depends on
the harateristis of the site. In a 2-ore plant, like in Double Chooz, a long simultaneous stop
of both reators is extremely rare, but not impossible on a 3y time sale. For a multi-ore site,
this event is nearly impossible and one an simply expet a modulation of the total power
3
.
Three dierent lasses of bakground an be identied: aidentals, due to the random oin-
idene of an environmental gamma and a n-like event within the ν time window; fast neutrons,
whih an produe proton-reoils in the target (misidentied as e
+
), and then be aptured; and
long-lived osmogeni radio-isotopes with signiant branhing for β -deay followed by neutron
emission (
9
Li,
8
He).
Aidentals an be measured in situ even with reators on, through the rates and spetra
of the singles. In order to redue the subtration error, the rate of gammas penetrating the
target must be redued with an aurate material seletion (low radioative ontaminants) and
an adequate shielding.
Fast neutrons produe a bakground with very similar signature as the ν-events, however
with a nearly at spetrum. Hene the rate an be extrapolated from the part of the spetrum
at higher energy than the signal. Sine fast neutrons are seondary partiles produed by osmi
muons, a large and eetive µ-veto is very helpful.
Stopping and showering µ an originate spallation reations on 12C that produe 9Li and
8
He. These isotopes an deay with a β-n sequene that is indistinguishable from a ν event.
Lifetimes are of the order of ∼ 102ms, whih makes it hard to impose a long enough veto to all
rossing muons. A possibility would be developing a more sophistiated µ detetor, apable of
tagging muons as showering or stopping. A longer veto ould be applied to these events only,
without inreasing the dead-time too muh.
Generally speaking, all the disussed bakgrounds rapidly attenuate with the laboratory
overburden. A ompromise must be reahed between osts and allowed bakground rate, bearing
in mind that the better the knowledge of the bakground, the higher the rate that an be
tolerated. As a rule of thumb, a rst generation experiment needs to keep the bakground
unertainty per energy bin below ∼ 1% of the signal. A seond generation experiment should
make roughly two times better.
3
It must be noted that single reators are periodially o one a year during ∼2 weeks for refueling.
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Table 2: Double Chooz synopsis. The sensitivity in the rst row refers to the rst experimental phase,
in whih the far detetor will run alone.
Reators
Detetors
(M = 8.2 t)
Sites Civil works
Stat
(d
−1
)
(inl. ǫ)
B/S
(%)
Start
Sensitivity
(sin2 2θ13)
1 site
2 ores
1 Far
D = 1.05 km
(300mwe)
refurbishing 50 . 1 2008
0.06
(1.5 y)
8.5GWth 1 Near
D ∼ 280m
(∼ 80mwe)
∼ 40m
shaft + lab
550 . 0.5 2010
< 0.03
(3 y)
3 Upoming and proposed experiments
By the time these proeedings are written, only three experiments have survived the deisions of
their funding agenies: Double Chooz, Daya Bay and RENO. After Braidwood was turned down
by the negative deision of the DOE in April 2006, another projet, the Japanese KASKA, has
been stopped upon rejetion of its funding requests. The KASKA ollaboration has sine then
joined Double Chooz.
3.1 Double Chooz
Double Chooz [9, 10℄ is the most advaned among these projets. The R&D is essentially
ompleted, the detetor design nalized and the projet is now fully entering the onstrution
phase. Double Chooz will be installed nearby the same nulear power plant of the CHOOZ
experiment. Table 2 shows a synopsis of the experiment.
One of the main advantages of Double Chooz is the availability of the CHOOZ laboratory
for the integration of the far detetor, whih allows the experiment to be faster and heaper
than any other projet. As regards the near site, the present baseline in the disussions with
EDF assumes the onstrution of a laboratory at ∼ 280m from the ores, with an overburden of
∼ 80mwe.
The Double Chooz ollaboration is omposed of several institutions from Europe (Frane,
Germany, England, Russia and Spain), US and Japan. The projet is fully approved and funded
in Europe, awaits approval in US and Japan in 2007. A lose ollaboration with the power plant
management has been established, both for the refurbishing and reommissioning of the far
laboratory, and the onstrution of the near laboratory. The urrent planning onsiders material
prourement to be ompleted by 2007, with the start of the integration of the far detetor in the
fall of 2007 and ommissioning at the beginning of 2008. Parallel to this phase, the onstrution
of the near laboratory will proeed. The site is expeted to be available for detetor integration
in 2009. Double Chooz will then be operative with both detetors by 2010.
The intense R&D work arried out by the Double Chooz ollaboration has validated the
robustness of the detetor onept and the feasibility of the sensitivity goals. In the rst phase
with the far detetor alone, Double Chooz will attain a sensitivity to sin2 2θ13 of 0.06, and then
will reah its goal sensitivity of better than 0.03 by 2013.
3.2 Daya Bay
Daya Bay is a projet aiming at a nal sensitivity of ∼ 0.01. It is based on a strong US-Chinese
ollaboration that also inludes Russian, Taiwanese and Czeh institutions. It is approved in
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Table 3: Daya Bay synopsis. Statistis given with the 3 sites and 6 reators on, for near and far sites,
2/4 for the mid site (11.6GWth). Note that a similar sensitivity as Double Chooz is laimed for the Mid
detetor, even though the ontribution of the Ling Ao I reators, whih will aount for more than half
of the signal, will not be monitored by the orresponding near detetor.
Reators
Detetors
(M = 20 t)
Sites Civil works
Stat
(d
−1
)
B/S
(%)
Start
Sensitivity
(sin2 2θ13)
3 sites
6 ores
4 Far
(1 site)
D ∼ 1.8 km
(∼ 1000mwe)
∼ 1 km
tunnel + 1
avity
200 . 0.5 2010
0.01
(3 y)
2 Mid
(1 site)
D ∼ 1 km
(∼ 550mwe)
∼ 1 km
tunnel + 1
avity
200 2009
0.035
(1 y)
17.4GWth
4 Near
(2 sites)
D ∼ 400m
(∼ 300mwe)
∼ 1 km
tunnels + 2
avities
2000 . 0.5
China and strongly supported by the DOE in US. The experiment will be installed nearby the
Daya Bay / Ling Ao nulear power plants, about 55 km away from Hong Kong.
In order to ahieve the desired sensitivity, Daya Bay relies on a number of ambitious design
options and merit fators of its site. The mass sale of the experiment will be of one order of
magnitude higher than Double Chooz, with a total target mass of 160 t of Gd-loaded sintillator
distributed among one far and two near sites. The Daya Bay site has ideal geology, with nearby
mountains for very deep underground laboratories. The experiment will benet from an intense
total νe ux, however at the ost of a non trivial reator arrangement. Four reators are dis-
tributed on 2 separate sites 1 km away from eah other, and a third 2-reator site will be added
by 2011.
The proposed design envisions splitting the total target mass in 8 × 20 t modules (eah
weighting ∼ 90 t with γ-ather and buer) plaed side-by-side in big water pools measuring
16×16×10m3, used as both shielding and water-Cherenkov veto; 4 modules in the far laboratory,
and 2 in eah of the two near detetors. An option the ollaboration bets on is the possibility
to make all modules movable on rails between experimental sites. The synopsis of the Daya Bay
projet is shown in Table 3.
Daya Bay is now at a R&D and preparation stage. This phase will have to nalize the detetor
design and answer several questions onerning a realisti estimation of the systematial errors
and the feasibility of the swapping option. For its ambitious goals and mass sale, Daya Bay
should be onsidered a seond generation projet. The ollaboration, however, is trying hard
to be ompetitive as a rst generation experiment as well, by deploying two additional modules
at an intermediate site at ∼ 1 km distane with only one near site on. The mid experiment is
supposed to be running while the rest of the ivil works and installations are under ompletion.
Whether this fast Daya Bay option is worth the eort will be answered by ongoing studies.
3.3 RENO
RENO[12℄ is a 20 t sale experiment proposed by a South-Korean ollaboration, to be installed at
the Yonggwang nulear power plant. The site has favorable geology with nearby hills potentially
providing adequate overburden for near and far detetor. The total νe ux is 3 times higher than
in Chooz, however this ux is produed by 6 reators lined up over 1.5 km. As a onsequene,
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Table 4: Relative ontribution (%) of the 6 reators in the proposed RENO experiment.
R1 R2 R3 R4 R5 R6
Near 3.0 7.8 39.2 39.2 7.8 3.0
Far 14.8 16.9 18.3 18.3 16.9 14.8
a large part of the reator-related systematis annot be aneled by the near detetor (see
Table 4). The RENO ollaboration proposes therefore to install smaller very near detetors to
monitor the neutrino ux of eah reator. The laimed sensitivity would then be ∼ 0.02.
RENO is still at a very early stage of the R&D, however the Korean funding agenies seem
very supportive.
3.4 Ideas for the future
Realling the disussion in Se. 2.4, the sensitivity of the upoming experiments Double Chooz
and Daya Bay will be ultimately limited by the error of the relative normalization between near
and far detetor(s). Dereasing this systematis further with respet to the very hallenging
goal of σrel < 0.2% does not seem realisti for the moment. To push the sensitivity beyond the
barrier of sin2 2θ13 < 0.01 it is neessary to inrease the statistis so muh to enter the third
regime of Fig. 4, where the spetral shape distortions dominate the sensitivity. Provided that
the measurement of the νe spetra an be made with the required auray and that after Double
Chooz, Daya Bay and the superbeam experiments the question about θ13 is still of the highest
sienti priority, the only viable strategy seems installing a & 200 t detetor at the optimal
distane from a reator site, shielded by a very good overburden. The near detetor is no longer
required to be idential, provided that no energy-dependent biases are introdued in this way.
The ANGRA [13℄ projet aims at exploring this solution during the forthoming years. The
detetor would be installed by the nulear power plant of Angra dos Reis, in Brazil. At present
the projet is in the phase of oneptual design and sensitivity study.
4 Conlusions and prospets
Double Chooz is fully approved in Europe and has now entered the material prourement phase.
It will be the rst experiment to improve the present limit on sin2 2θ13 and will reah its goal
sensitivity by 2013, roughly when T2K is expeted to start releasing ompetitive results on
θ13. Daya Bay, supported by a very strong US-Chinese ommitment, aims at surpassing the
Double Chooz sensitivity with a bigger and more preise experiment. The realistially attainable
systematis, the related sensitivity, the feasibility of the proposed hallenging solutions, and the
ost and shedule of the projet are urrently under investigation.
Most theoretial models are unable to explain why θ13 should be muh smaller than the
two other mixing angles. If the small (1,3) ν-mixing is merely aidental, θ13 is most likely not
very far from the present bound and will be measured within few years from now by Double
Chooz, and then onrmed with higher signiane by Daya Bay. Early indiations about the
CP phase and mass hierarhy ould then be dedued through the omparison with the results of
the superbeams.
A muh smaller (1,3) mixing would then be a strong hint for a new disrete avor symmetry.
The synergies between superbeams and seond generation reator experiments (lass sin2 2θ13 <
0.01) will then be very powerful towards the interpretation of the nature.
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